The objective of this study was to estimate genetic parameters and quantify the correlations between late blight (LB) resistance and fruit quality traits in 220 families F2:3, under tropical field conditions. The families were arranged in randomized blocks in field trials, with six resistant inbred lines used as control, in plots of five plants. It evaluated the severity in the middle of the epidemy, final severity, area under the curve of progress of late blight, pH, total soluble solids, titratable acidity and flavor. There is genetic variability for epidemiological variables and total soluble solids. Heritabilities, obtained by parent-offspring regression, were high and indicated the possibility of satisfactory genetics gains and success in the introgression of resistance alleles. The correlations were negative, of high to intermediate magnitude, among the variables area under the curve of progress of late blight, total soluble solids and total titratable acidity.
Introduction
Late blight (LB) caused by the oomycete Phytophthora infestans (Mont.) de Bary, is the most destructive disease in the cultivated tomato, Solanum lycopersicum L. [1] . LB can attack tomato aerial parts, causing necrosis of leaves and stems, fruit losses and eventually plant death. Control methods of this disease include cultural practices and fungicides spray. However, the chemical control (i.e. fungicide spray) is dependent on the cost of the applications and may have its efficacy reduced if the weather conditions are favorable to the pathogen [2] .
Cultivars with genetic resistance are a desirable alternative in reducing the environmental and economic fungicide spray coast [3] . The resistance alleles both qualitative and quantitative resistance were in wild species, such as Solanum pimpinellifolium L. [4] and Solanum habrochaites S. Knapp & D.M. Spooner [3] [5]- [7] . Wild germplasms alleles for introgression in elite cultivars are a great challenge for plant breeders. The introduction of exotic alleles in elite cultivars may lead to increase in the expression of the undesirable agronomic traits, due to the genetic linkage drag [8] .
This phenomenon occurs when chromosome segments containing alleles of interest are linked to loci that contain deleterious alleles from the horticultural traits [3] , limiting thus the action of the breeder regarding the simultaneous selection of traits related to fruit quality. This makes it necessary to perform additional work for the introduction of these alleles, thus causing more time for obtaining a resistant cultivar.
In order to elucidate the association between LB resistance traits and fruit quality, the objective of this study was to estimate genetic statistical parameters and correlations in 220 F 2:3 Solanum habrochaites f. glabratum progenies.
Material and Methods

Plant Genetic Resources
The susceptible cultivar "Santa Clara", S. lycopersicum L., was used as female genitor in crossing with BGH 6902 accession, S. habrochaites f. glabratum, LB resistant. The female genitor belongs to the "Santa Cruz" brazilian fresh market tomato group, it has bi or triloculars oblong fruits, consumed in natura and fruits weight 130 g in average. Male genitor is a wild specie kept on the Banco de Germoplasma de Hortaliças da Universidade Federal de Viçosa (BGH/UFV-www.bgh.ufv.br) and produce small greenish fruits with unpleasant taste and odor. Part of the F 1 plants was self-pollinated for the obtantion of F 2 generation, which originated 220 F 2:3 .
Experimental Conditions and Field Trials
The experiments were carried out at the experimental area of the Universidade Federal de Viçosa (UFV), in Viçosa, MG State, Brazil, located in the latitude 20˚45'14''S, longitude 42˚52'53''W and 648.74 m high.
In 2010 it was evaluated 220 F 2:3 families for LB resistance, divided in two trials, both in randomized blocks with two repetitions and six common controls in each trial: the lines 127f, 64b, 73d e 133a [5] and genitors. The sowing of the seeds was done in polystyrene trays with 128 cells, which were kept under greenhouse conditions until the seedlings reach six true leaves. In this stage, the seedlings were transplanted to the field spaced 1 and 0.6 m between rows and plants, respectively.
The growing methods followed the instructions of [9] . The plots were composed by five plants and the evaluations done on the three central plants. In the first trial, seedlings of 119 families were transplanted in the field on the 14 of June of 2010. The transplanting of the second trial was done on the 10 of August of 2010, totalizing 101 families.
P. infestans Isolates e Inoculation
P. infestans isolates pathogenic to tomato, from the towns of Cajuri, Coimbra, Teixeiras and Viçosa, located at Zona da Mata Mineira, Minas Gerais state, were used for the inoculums preparation, according metology [6] .
Infected leaflets were collected and kept in plastic trays previously disinfected in 70% alcohol, lined with paper towels moistened in distilled water and kept at 18˚C for 24 h for incubation. After the incubation period, foliar lesions with mycelium and sporangia were removed and placed in flasks with distilled water. Subsequently, the mixture was stirred in an agitator to form a sporangia suspension. The concentration of the suspensions was adjusted by hemacytometer to 5 × 10 3 sporangia per mL. Then, equal volumes from four locals were mixed. The sporangia suspension was placed in refrigerator for 1 h, at a temperature of about 4˚C, to induce zoospores release.
Inoculation of seedlings occurred 50 days after transplanting in the field. The inoculation was done at the dusk with backpack sprayer, applying approximately 10 mL of the suspension per plant. The period from the inoculums preparation to inoculation was less than 2 h, avoiding unfeasibility of zoospores. The plants were C. Nick et al. 2420 watered at dusk by sprinkling for 2 h three times a week until the end of the experiment.
Fruit Quality Analyses
The fruit quality traits, total acidity (pH); total soluble solids (˚Brix), measured with a portable refractometer, total titrable acidity (% citric acid) and flavor, obtained by the ratio of total soluble solids and total titrable acidity, were measured using samples of five fruits picked on the second and third cluster. These analyses were performed according to the analytical standard proposed by the [10] .
Disease Quantification
The disease was quantified by the percentage of the disease severity (DS) in intervals of three days, for 15 days [6] . In the evaluations, two evaluators were trained using the software Severity Pro (1.0), in order to increase the visual accuracy in the field and notes were assigned to the leaves of each plant, according to the diagrammatic scale proposed by [11] .
The DS were subsequently used to estimate the area under the disease progress curve (AUDPC), and the other epidemiological traits: severity on the middle of the epidemy (Y 50 ) and final severity (Y Max ). It was considered, as the duration of the epidemy, the time between the first and the last evaluation. The phenotypic values of each family were obtained by the average of the grades attributed to the leaves of the three central plants of each plot.
Statistical and Genetic Analysis
The analysis of variance were conducted using the joint analysis for the group of experiments, which were analyzed together with the common (controls) and non common (families) treatments, so that the comparison between then were done indistinctly of the trial where they were evaluated. This procedure was used in function of the great number of families, and it was used the first scheme, according to the methodology proposed by [12] . For this analysis scheme, the authors recommended to observe the variables which the interaction controls vs. trials is significant, as for the comparison between two random families the data should be corrected by the environmental effect, calculated from the information from the controls. For this correction to be possible, the controls may not have a differential behavior due to the environmental variations and should measure only the environmental quality [13] .
The statistical and genetic parameters estimated were: the experimental coefficient of variation, genetic coefficient of variation, ratio between the genetic variation coefficient and environmental variation, the component of genetic variance, heritability in a broad sense in level of the averages of F 2:3 families, heritability parentoffspring and the phenotypic, genotypic and environmental correlation between the epidemiological variables and fruit quality attributes.
The parent-offspring heritability for the phenotypic variables, Y 50 , Y MAX and area under the curve of progress of late blight was obtained according to the methodology proposed by Smith and Kinman (1965), described by [14] . The ANOVA and the estimation of the statistical and genetic parameters were performed using the software Genes [15] .
Results and Discussion
The joint analysis of variance showed not to be significant the interaction between controls vs. trials for the traits evaluated. Coefficients of experimental variation of high values were estimated for Y 50 , Y MAX and AUDPC ( Table 1) .
Because it is an average value between two trials, high estimates can be due to climatic differences between the periods of evaluation of severity in each trial. However, the values are similar to the ones found by [5] . High coefficient of variation for epidemiological traits can be due to the differences between the progress rate of the disease in the families and the difficulty in obtaining homogeneity in the grades attributed to the same treatment [16] . The average values of the coefficients of variation of the quality traits were intermediate and agree to the values obtained by [5] , which evaluated these same traits in strains derived from the cross between S. lycopersicum and S. habrochaites f. glabratum. Significant effects among the F 2:3 families were observed in level of 1% of probability, by the F test, for the traits (Y 50 ), (Y Max ) and (AUDPC). For the trait total soluble solids (˚Brix), there was significance at 5% of probability. These results show the presence of genetic variability for these traits in the population under study, condition that allows the selection of genotypes with superior agronomic performance quality traits.
The estimates of the parameters, coefficient of genetic variation, ratio between coefficient of genetic variation/experimental and heritability, are of great value for the breeding, once they are also used on the quantification of the available genetic variability. The coefficient of genetic variation, CV g , gives an idea about the proportionality of the gain in relation to the average in case of selection, and the ration CV g /CV e > 1 indicates favorable situation to selection [17] . The values of the coefficients of genetic variation were intermediate and low ( Table 2 ) and showed that higher gains would be obtained when the selection were practiced under the epidemic traits. However, values of the ration CV g /CV e lower than one in all traits indicate unfavorable condition of the practice of selection.
The heritability shows how much of the phenotypic variation is due to the genetic effects. So, if the values of heritability are high, there is a high correlation between the phenotypic and genotypic value, so that the meas- * and ** significant by the F test (P < 0.01 e 0.05); Y50 = severity in the middle of the epidemy; YMAX = final severity; AUDPC = area under the curve of progress of late blight; pH = potential of hydrogen; ˚Brix = total soluble solids; TTA = total tritable acidity and flavor. Table 2 . Estimates of average genotypic variance (V g ), broad-sense heritability ( 2 a h ), genetic coefficient of variation (CV g ), experimental coefficient of variation (CV e ), ratio between experimental and environmental variation (CV g /CV e ), for epidemiological traits related to the resistance to late blight and fruit quality in progenies of tomato derived from the cross between Solanum lycopersicum and Solanum habrochaites f. glabratum. Y50 = severity in the middle of the epidemy; YMax = final severity; AUDPC = area under the curve of progress of late blight; pH = potential of hydrogen; ˚Brix = total soluble solids; e TTA = total tritable acidity; flavor: ratio between total soluble solids and total tritable acidity.
ured differences in the individuals translate the true genetic differences and guarantee thus the success of the selection strategy adopted [14] . The values of heritability of the fruit quality traits were low ( Table 2 ) and indicated that low increments in average values of these traits would be obtained in following generations in case of the selection of the families were practiced. There was no correlation between the estimated values and the values reported in the literature. For example, [18] , reported values of heritability of 43% for pH and higher than 80% for total soluble solids, total tritable acidity and flavor. However, caution is needed when analyzing the values of heritability because their estimate is specific to the experimental conditions which the genotypes were evaluated [19] .
Regarding to the epidemiological traits, the estimates of the broad-sense heritability were lower than 50%, except for AUDPC, which estimate was 53.11% ( Table 2) . This value was similar to the value obtained by [5] and indicated that most of the phenotypic variation observed in the trait is due to a genetic cause. The results are satisfactory, once the heritability is a genetic parameter that expresses the reliability in the phenotypic value in predicting the genotypic value [14] .
The heritability estimated by parent-offspring were satisfactory: 62.72% for Y 50 , 56.61% for Y MAX and 71.20% AUDPC ( Table 3) . These values of heritability indicated that the LB resistance conferred by Solanum habrochaites f. glabratum (BGH 6902) can be easily introgressed. In similar studies, [4] reported high values of heritability for the LB resistance in Solanum pimpinellifolium progenies, estimated by parent-offspring regression, and stressed that this methodology of estimate provides a estimate close to the restrict heritability, thus preferable when phenotypic variations observed between the genitor (F 2 ) and progenies (F 2:3 ) are due to the differences in the conditions which the traits were measured, as in evaluations in distinct season for example. According to these considerations, the estimates presented can be considered trustful and more accurate than those estimated in the broad-sense. Such results are encouraging, once satisfactory genetic progress can be achieved regarding the LB resistance by the use of BGH 6902.
Besides the analysis of population parameters, the correlations between the phenotypic traits assist in the understanding of the genic effect of the trait of interest [19] . When the traits are analyzed in progenies derived from the interspecific crosses, knowing the magnitude and direction of the correlations between the progenies is an important step, as normally during the process of introgression of an allele of economic interest from a wild specie to an elite-cultivar, another alleles that are undesirable are also transferred. That happens, generally, due to the drag linkage. In tomato, the introgression of alleles of resistance to late blight from wild species results in depreciation of attributes related to fruit quality, which is undesirable from the market point of view.
For the combination between epidemiological traits, the estimates of genetic correlation was of magnitude higher than 0.9 (Table 4 ) and the environmental correlations were positive, indicating a tendency that the expression of these traits are influenced equally by the environment. It is noteworthy that, for these traits, the phenotypic correlations were lower than the genotypic, condition checked when at least one of the traits involved presents high heritability [19] and genetic factors have higher influence in the determination of the correlation compared to the environmental factors [20] . The [16] affirmed that the AUDPC of late blight is more precise and accurate as the other traits (Y 50 e Y Max ) in representing the level of resistance of the progeny, and it should be preferred because it combines information related to the epidemy, including inoculum, environment and susceptibility of the host.
AUDPC was considered the trait that best represented the response of the progeny in relation to the resistance to the pathogen. Because of the genotypic variance, statistically null, estimated for the fruit quality attributes, it was not estimated the genetic correlation between these traits and the area under the curve of progress of late blight. The association between these traits was realized by phenotypic correlations ( Table 5) . ** and * significant at 1% and 5% of probability by the t test; AUDPC = area under the curve of progress of late blight; pH = potencial of hydrogen; ˚Brix = total soluble solids; TTA = total tritable acidity; and flavor = ratio between total soluble solids and total tritable acidity.
The correlations between AUDPC, ˚Brix and ATT were significant, negative and of intermediate magnitude, indicating that alleles of resistance can contribute favorably for the organoleptic qualities of the fruits, as the ratio between the content of total soluble solids and total tritable acidity determines the flavor. The results found ratified the reports by [21] .
Conclusions
These authors concluded that the alleles of S. habrochaites were responsible for an increment of 15% in the content of soluble solids, emphasizing that wild germplasms are potentially donators of alleles of agronomic interest for elite-cultivars. The content of soluble solids (˚Brix) positively correlated with total tritable acidity, agreed in magnitude and direction to the estimates obtained by [22] , of 0.49. The tritable acidity itself has negative association in relation to the flavor.
Through the results, it appears that there is genetic variability for all traits in the population under study. However, low values of heritability of the fruit quality traits were found. The estimates of heritability by parentspring regression were high and indicated the possibility of satisfactory gains, in addition to greater ease in the introgression of alleles of resistance. The correlations between the traits AUDPC, ˚Brix and TTA were negative and of intermediate magnitude, indicating that alleles of resistance can favorably contribute to the flavor of the fruits.
It found genetic variability for all traits. The quality attributes of fruits have low heritability, while the heritability parent-offsspring epidemiological variables were of great magnitude indicating the possibility of satisfactory earnings.
